INTRODUCTION
O UT -of-hospital cardiac arrest (OHCA) is a leading public health problem in highly industrialized countries, 1 with approximately 120,000 cases occurring every year in Japan, 2 and patient survival after OHCA is still low. Since the 2000s, various important evidence on bystander interventions as well as procedures by emergency medical service (EMS) personnel at prehospital settings have been provided by the large-scale Utstein-based OHCA registries in Japan, such as the SOS-KANTO Study, 3 Utstein Osaka Project, 4 and All-Japan Utstein Registry. 5 However, importantly, in-hospital intensive care by medical staff after hospital arrival has not been extensively measured and evaluated in Japan, especially for OHCA patients with post-cardiac arrest syndrome. Therefore, developing an integrated database in both pre-and in-hospital OHCA treatments and understanding the actual situations of treatments among OHCA patients before and after hospital arrival will subsequently lead to improved OHCA outcomes.
The special committee that aims to improve the survival after OHCA by providing appropriate therapeutic strategies and emergency medical systems in the Japanese Association for Acute Medicine (JAAM) has launched a multicenter, prospective registry that enrolled OHCA patients who were transported to critical care medical centers or hospitals with an emergency care department. 6 This is the first report to describe the registry design as well as its profile on hospital information, patient and EMS characteristics, and in-hospital procedures and outcomes between June 2014 and December 2015, designated the JAAM-OHCA Registry.
METHODS

Settings and participation
T HE JAAM -OHCA Registry encompasses all of Japan, which includes 288 critical care medical centers (CCMCs) certified by the Japanese Ministry of Health, Labour and Welfare that can accept emergency and severely ill patients transported by ambulance, including OHCA patients. 7 To be licensed as a CCMC, a hospital needs to have ≥20 beds and an intensive care unit (ICU) for severely ill patients, and it should be able to provide highly specialized treatments such as extracorporeal resuscitation (ECPR), targeted temperature management (TTM), or percutaneous coronary intervention (PCI), 24 h a day. Critical care medical centers as well as non-CCMCs with an emergency care department can participate in this registry. Institutions that intend to participate in this registry must fill out the participation form (available from http://www.jaamohca-web.com/ online-2) available on the Internet website of the JAAM-OHCA Registry, 6 and the corresponding person from each institution must be a regular member of the JAAM. The registry is ongoing and does not have a set ending of the registry period. The registry was approved by the Ethics Committee of Kyoto University as the corresponding institution (available from http://www.jaamohca-web.com/down load/), and each hospital also approved the JAAM-OHCA Registry protocol as necessary.
Registry patients
Since June 1, 2014, the JAAM-OHCA Registry has enrolled all patients who sustained a cardiac arrest in a prehospital setting, for whom resuscitation was attempted, and who were then transported to participating institutions. This registry excluded OHCA patients who did not receive cardiopulmonary resuscitation (CPR) by physicians, those with in-hospital cardiac arrest, or those who refused to participate in our registry, either personally or by family members. In addition, OHCA patients who were transported to the participating intuitions after receiving any procedures in another hospital were excluded. Personal identifiers were removed from the JAAM-OHCA Registry database. To give patients or their family members the opportunity to refuse to be included in this registry, the special committee and each participating institution showed the document regarding opt-out consent on the website and/or the board of the emergency department, and the requirement for informed consent of patients was waived. accessible anywhere in Japan; on receipt of a 119 call, an emergency dispatch center sends the nearest available ambulance to the site. Emergency services are provided 24 h every day. Each ambulance includes a three-person unit providing life support. The most highly trained EMS personnel are called emergency life-saving technicians. They are allowed to insert an i.v. line and an adjunct airway and use a semi-automated external defibrillator for OHCA patients. Emergency life-saving technicians are permitted to provide shocks without consulting a physician, and specially trained emergency life-saving technicians are allowed to carry out tracheal intubation to administer adrenaline for OHCA patients. All EMS providers performed CPR, basically according to the Japanese CPR guidelines. 8 Pre-hospital resuscitation data were obtained from the All-Japan Utstein Registry of the Fire and Disaster Management Agency (FDMA) of Japan. Details of the registry were previously described. 2, 5 Data were collected prospectively using the data form of the Utstein-style international guideline for reporting OHCA. 9 Collected data were as follows: prefecture, data, age, sex, witness status, bystander-initiated CPR (chest compression only or conventional CPR), shocks by a public-access automated external defibrillator, dispatcher instructions, first documented rhythm on EMS arrival, shocks by EMS personnel, advanced airway management (laryngeal mask airway, esophageal obturator airway, or tracheal intubation), i.v. fluid, adrenalin administration, and resuscitation time course as well as outcomes such as prehospital return of spontaneous circulation (ROSC), 1-month survival, and neurological status 1 month after OHCA.
Data collection and quality control
The JAAM-OHCA Registry collected much information on OHCA patients after hospital arrival (available from: http://www.jaamohca-web.com/download/). During the registry period, anonymized data were fed into either the Internet form (available from: http://www.jaamohca.c om/main/login) or the FAX-OCR (electronic template provided by the registry) (Fig. S1 ) by physicians or medical staff in cooperation with physicians in charge of the patient. Data were logically checked by the system, and finally confirmed by the JAAM-OHCA Registry committee, which is composed of specialists in emergency medicine and epidemiology. If the data form was incomplete, the committee member returned it to the respective institution and the data were completed as much as possible. In-hospital data were systemically merged with the Utstein-style prehospital data gathered from the FDMA, using the five key items: prefecture, emergency call time, age, gender, and cerebral performance category (CPC) 1 month after OHCA. The JAAM-OHCA Registry collected data on the following three facets of in-hospital care.
Hospital information
Each participating institution needed to enter the hospital information at the time of registration. The required information was as follows: prefecture, type of emergency department (CCMC or tertiary emergency medical facility, secondary emergency medical facility, other), total bed capacity, ICU bed capacity, pediatric ICU bed capacity, annual expected number of OHCA patients, number of physicians and nurses who treated an OHCA patient (daytime, night-time duty), special area of physicians (yes, no) for OHCA treatments (such as acute care physicians, intensive care physicians, anesthesiologists, cardiologists, and pediatricians), use of end-tidal carbon dioxide monitor during cardiopulmonary arrest (available, unavailable), ECPR use for an OHCA patient (unavailable, available any time, available daytime), having an ECPR protocol (yes, no), person who performed the ECPR priming (physician, clinical engineer, nurse), TTM for OHCA (available, unavailable), TTM protocol (yes, no), and other details such as target (maintenance) temperature (32, 33, 34, 35°C), duration (hours) of target (maintenance) temperature (12, 24, 48, 72 h), rewarming target temperature (°C), and duration of rewarming (h).
Baseline patient information
Baseline patient information was collected for both OHCA patient identification and entry criteria confirmation. First, information on the emergency call time from bystanders and hospital arrival, along with OHCA patient's sex and age, were included. Next, patients who met the following criteria were registered: (i) OHCA occurred in prehospital settings, (ii) was resuscitated by EMS personnel, or (iii) defibrillated by bystanders and then transported to the participating institutions, (iv) was resuscitated by physicians after hospital arrival.
In-hospital data including treatments, arterial blood gases, and outcomes
In-hospital data on OHCA patients after hospital arrival were prospectively collected using an original report form. The cause of arrest was defined as having cardiac (acute coronary syndrome, other heart disease, presumed cardiac cause) or non-cardiac (cerebrovascular diseases, respiratory diseases, malignant tumors, external causes including traffic injury, fall, hanging, drowning, asphyxia, drug overdose, or any other external cause, and sudden infant death syndrome [only for children]) causes. The presumed cardiac cause category was a diagnosis by exclusion (i.e., the diagnosis was made when no evidence of a non-cardiac cause was found). Diagnoses of cardiac or non-cardiac origin were clinically made by the physician in charge. Other baseline information are as follows: departure of ambulance or helicopter with physicians (yes, no), body temperature upon hospital arrival (°C), ROSC status (ROSC after hospital arrival, ROSC before hospital arrival, no ROSC), and first documented rhythm upon hospital arrival (ventricular fibrillation/pulseless, ventricular tachycardia, pulseless electrical activity, asystole, and presence of pulse).
The reporting form also required actual detailed treatments for OHCA patients (i.e., defibrillation, tracheal intubation, ECPR, intra-aortic balloon pumping, coronary angiography, PCI, TTM, drug administration during cardiopulmonary arrest [adrenalin, amiodarone, nifekalant, lidocaine, atropine, magnesium, and vasopressin]), and arterial blood gases measured initially on hospital arrival (pH, PaCO 2 Outcome data were also prospectively collected and included the following: condition after hospital arrival (admitted to ICU/ward or death at the emergency department); and neurological status 1 month after OHCA occurrence using the Glasgow-Pittsburgh CPC scale (category 1, good cerebral performance; 2, moderate cerebral disability; 3, severe cerebral disability; 4, coma or vegetative state; and 5, death/brain death) or pediatric CPC scale (category 1, normal cerebral performance; 2, mild cerebral disability; 3, moderate cerebral disability; 4, severe cerebral disability; 5, coma or vegetative state; and 6, death/brain death) in patients aged ≤17 years. The neurological status of the survivors was evaluated by the medical staff in each institution 1 month after the event. Favorable neurological outcome was defined as a CPC of 1 or 2. 9 
Statistical analysis
Data are shown as mean AE standard deviation for continuous values and their percentages for categorical values. All statistical analyses were carried out using STATA version 13 MP (Stata, College Station, TX, USA). Table 2 shows the baseline characteristics of 12,024 OHCA patients. The mean age was 69.2 years, and the proportion of children aged ≤17 years and adults aged ≥65 years was 2.4% and 68.8%, respectively. Male patients accounted for 61.0% of the cohort. The proportion of OHCAs with a cardiac cause was 51.3%. In this registry, 24.4% patients had ROSC after hospital arrival, and 9.3% had already received ROSC on arrival, 4.2% had ventricular fibrillation/pulseless ventricular tachycardia, 19.7% had pulseless electrical activity, 66.9% had asystole, and 9.2% had pulse as the first documented rhythm after hospital arrival. Table 3 shows the prehospital characteristics of patients based on the Utstein-style data from the FDMA. Of all OHCA, 36.4% were witnessed by bystanders and 53.3% were not. Approximately 42.6% of patients received bystander-initiated CPR, and 1.8% received shocks using a publicaccess automated external defibrillator. First documented shockable rhythm at EMS arrival was 9.0%. Regarding the prehospital treatment by EMS personnel, 12.9% of patients received shocks, 43.5% received advanced airway management, and 25.1% received adrenaline. The mean time interval from the 119 call to CPR started by EMS at the scene, and from the 119 call to hospital arrival, were 10.2 and 34.5 min, respectively. Table 4 presents in-hospital data of OHCA patients. After hospital arrival, 9.4% received defibrillation, 68.9% tracheal intubation, 3.7% ECPR, 3.0% intra-aortic balloon pumping, 6.4% coronary angiography, 3.0% PCI, 6.4% TTM, and 81.1% adrenaline. Regarding the arterial blood gases measured initially at hospital arrival after the first ROSC, the mean values were as follows: pH, 7.003; PaCO 2 , 69.7 mmHg; PaO 2 , 191.8 mmHg; HCO 3 , 15.8 mEq/L; base excess, À15.1 mEq/ L; lactate, 12.0 mmol/L; and glucose, 261.7, mg/dL. Table 5 shows the outcomes of 12,024 OHCA patients. The proportions of admission to ICU/ward and 1-month survival after OHCA were 25.4% and 7.2%, respectively. The proportions of CPC 1 or 2 at 1 month after OHCA were 3.9% among adult patients and 5.5% among pediatric patients.
RESULTS
F
DISCUSSION
T HE SPECIAL COMMITTEE of the JAAM has launched a multicenter, prospective registry (the JAAM-OHCA Registry) that focuses on OHCA patients who were transported by EMS personnel to participating institutions (either CCMCs or hospitals with an emergency care department) since June 2014. This report describes this registry's profile and briefly presented the characteristics of 12,024 OHCA patients registered between June 2014 and December 2015.
To improve the survival after OHCA, the JAAM-OHCA Registry established the following purposes. First, and most importantly, the JAAM established a framework for the multicenter registry that can include CCMCs or hospitals with an emergency care department across Japan. Second, the special committee developed a standard registry form to capture both in-hospital procedures by medical staff and the emergency systems of the receiving institutions in order to understand the actual situations and treatments for OHCA patients after hospital arrival. Finally, findings from the JAAM-OHCA Registry can provide useful evidence to improve systematic therapeutic strategies and neurological outcomes among OHCA patients after hospital arrival. They can also contribute to revisions of the CPR guidelines by evaluating the effects of various in-hospital treatments, such as advanced procedures and drug therapies. Importantly, the effectiveness of these treatments for OHCA patients is still under debate. 10 Therefore, by obtaining data of a large number of OHCA patients across Japan, this nationwide registry can assist considerably in solving these problems in the future.
In Japan, prehospital emergency care systems are well developed. 2 The All-Japan Utstein Registry of the FDMA, a nationwide prospective, population-and Utstein-based registry, enabled us to evaluate the effectiveness of continuous chest compressions and defibrillation by lay-rescuers 5 and the importance of continuously improving the chain of survival at the population level. 11 In the JAAM-OHCA Registry, the special committee has systemically merged in-hospital databases and the All-Japan Utstein Registry database by focusing on the use of key items in all data sources. As a result, the JAAM-OHCA Registry obtained high-quality prehospital resuscitation data and reduced the need for multiple data input by medical staff in each institution. The linkage rate in this registry was 91.3%, which is higher than the 80.5% linkage rate in the Out-of-Hospital Cardiac Arrest Outcomes project with the national database in the UK; 12 however, further efforts to improve the linkage rate (e.g., communication between EMS personnel and medical staff in key items or the development of personal identification Recently, several studies such as PAROS 13 in Asia, EuReCa 14 in Europe, and CARES 15 and ROC 16 in the USA have been launched as large-scale OHCA registries, because of the great need for high-quality data collection that can be used for improving OHCA outcomes, like the JAAM-OHCA Registry. In our registry, the number of participating CCMCs or tertiary emergency medical facilities was 73 during this registry period, and further efforts to increase the number of participating institutions are needed. In a previous report in Japan, 17 nearly 30% of OHCA patients were transported to CCMCs, and the JAAM-OHCA Registry is planning to enroll ≥30,000 OHCA patients from all 288 CCMCs per year. To increase the registered OHCA patients and enhance the generalizability of this database, the special committee must also reinforce activities to raise awareness for the dissemination of the JAAM-OHCA Registry through its website, annual and/or regional meetings, and mass media. Furthermore, by receiving suggestions regarding user-friendly system revisions as well as item additions that can bridge knowledge gaps in resuscitation science from investigators in each participating institution, the special committee will continue to revise the JAAM-OHCA Registry system to maintain a high-quality database.
Importantly, patient survival after OHCA is still low, and it needs to improve worldwide. Even in the JAAM-OHCA Registry, the proportion of 1-month survival with a favorable neurological outcome after OHCA was only ≤5% among OHCA patients. To effectively use limited medical resources, further evidence regarding transportation conditions as well as the effect of advanced treatments would lead to improving the revisions of treatment protocols and/or resuscitation guidelines for OHCA patients, especially from the large-scale comprehensive database of both pre-and inhospital information. The JAAM-OHCA Registry is suitable for this purpose as it collects real-world data from Japan.
CONCLUSION
T HE SPECIAL COMMITTEE of the JAAM launched the JAAM-OHCA Registry in June 2014, which continuously gathers data on OHCA patients. This registry can provide valuable information to establish appropriate therapeutic strategies for OHCA patients in the near future. 
